Objective: To identify clinically useful parameters obtainable before treatment of predicting clinical outcomes in patients with esophageal carcinoma. Summary Background Data: Various factors regarding the biologic state of tumors or the nutritional state of patients have been individually reported to correlate with prognosis. Reliable estimates of life expectancy before treatment are important, and consideration needs to be given not only to tumor-related but also to host-related factors in patients with esophageal carcinoma. Methods: The following clinicopathological factors were retrospectively analyzed in 356 consecutive patients with surgical treatment: sex; age; serum C-reactive protein (CRP); proportion of lymphocytes; body weight changes; serum albumin; clinical TNM staging; tumor location; serum squamous cell-related antigen; serum carcinoembryonic antigen; and histology. Factors related to prognosis were evaluated by using univariate and multivariate analyses. Results: According to univariate analysis, significant differences in survival were found for sex, serum CRP, proportion of lymphocytes, body weight change, serum albumin, serum squamous cell-related antigen, and clinical TNM staging. Multivariate analysis demonstrated that CRP levels (P ϭ 0.0285), body weight change (P ϭ 0.0165), and clinical TNM staging (P ϭ 0.0008) displayed independent correlations to prognosis. When serum CRP elevation, body weight loss, and clinical TNM staging III and IV were scored as a combined index, the total score (prognostic index for esophageal cancer, PIEC) demonstrated a good stratification value for prognosis. Moreover, PIEC was superior to the conventional clinical TNM staging by the likelihood ratio test. Conclusions: PIEC based on serum CRP, body weight change, and clinical TNM staging before treatment offers a very simple and informative method for predicting the prognosis of patients with esophageal carcinoma.
T he prognosis of patients with esophageal carcinoma remains unsatisfactory because esophageal cancer is one of the most aggressive carcinomas of the gastrointestinal tract. Reliable estimates of life expectancy are therefore important before initiating treatment in the patients with esophageal carcinoma. Various factors regarding the biologic state of tumors and the nutritional state of patients have been reported to correlate with prognosis. [1] [2] [3] [4] [5] [6] Pedersen et al reported that survival in patients with less than 10% loss of body weight was significantly longer than that in patients with greater weight loss. 4 In addition, Onodera et al 5 reported that a prognostic nutritional index using serum albumin level and total lymphocyte count of peripheral blood was useful in estimating the prognosis of patients with terminal stage cancer, including esophageal cancer. Moreover, recent reports by Nozoe et al 3 have shown that preoperative serum elevation of C-reactive protein (CRP) could represent both a useful marker for malignant potential and an independent prognostic indicator in esophageal carcinoma. The aims of the present retrospective study were to verify the value of well-known prognostic factors and to identify a clinically useful prognostic index of host-and tumor-related factors, including TNM stage grouping, 7 in esophageal cancer patients who received surgical treatment.
MATERIALS AND METHODS

Patients
Between 1991 and 2000, 446 consecutive patients with esophageal carcinoma were admitted to the First Department of Kagoshima University Hospital. Eighteen patients who died within a month after initial treatment were excluded. Surgical treatment was performed for 356 patients (83.2%), endoscopic mucosal resection (EMR) for 41 (9.6%), and nonsurgical therapies for 31 (7.2%). A total of 356 patients who underwent esophagectomy were enrolled in the present study. Esophagectomy by right thoracotomy was performed in 251 patients, left thoracotomy in 67, blunt dissection with lymphadenectomy in 28, and blunt dissection without lymphadenectomy in 10. Pre-and postoperative radiation and/or chemotherapy were administered to 93 and 96 patients, respectively. All patients were followed up after discharge as follows: radiographic examination every 1-3 months, computed tomography every 3-6 months, and ultrasonography every 6 months. Bronchoscopic and endoscopic examinations were performed when necessary. The clinical course of patients was monitored for at least 2 years after discharge until death. Follow-up data after surgery were available for all patients, and the median follow-up period was 33.6 months (range, 1-145 months). Recurrent disease was observed in 140 patients (39.3%) after surgery. Therapy for patients with recurrence comprised chemotherapy (32.9%), radiotherapy (26.4%), chemoradiotherapy (15.7%), or surgical therapy (6.4%).
Parameters
The clinicopathological factors analyzed in this study were as follows: sex; age; serum CRP level; 8 proportion of lymphocytes; proportion of body weight loss; serum albumin level; clinical TNM staging; location of the tumor; serum squamous cell-related antigen (SCCA) level; 9 serum carcinoembryonic antigen level; 10 and histology ( Table 1) . Pretreatment body weight was compared with past body weight in healthy condition. Body weight loss was classified into 2 subdivisions; loss of 2% or less and loss of more than 2% compared with past body weight because changes in body weight within 2% were considered natural. In this study, loss of more than 2% was adopted before analysis.
Depth of tumor invasion, lymph node metastases, and distant metastasis were estimated using computed tomography, esophagoscope, barium studies, ultrasonography, and endoscopic ultrasonography. When comparing between clinical stage and pathologic stage according to the TNM classification of the International Union Against Cancer, 7 the accuracy rate of preoperative diagnosis was 60.7% (216 of 356). When 2 groups were subdivided as groups A (stage I and II) and B (stage III and IV), the accuracy of preoperative diagnosis was 79.4% (283/356). In the present study, subdivision of clinical TNM staging was used because the discrepancy between clinical and pathologic stage was considered.
Statistical Analysis
Data were evaluated using the Stat View 5.0 software package (SAS Institute, Inc., Cary, NC). The 2 test, Student's t test, and Mann-Whitney U test were used to compare data. Survival data were analyzed using the Kaplan-Meier survival model. The log-rank test was used to assess statistical differences between groups. For multivariate analysis, the Cox proportional hazards model, including the likelihoodratio (LR) test, was used to determine independent prognostic factors. Values of P Ͻ 0.05 were considered statistically significant. Table 2 shows patient characteristics. The subject group was composed of 327 men and 29 women, with a mean age of 65.0 years (range, 22-87 years). A total of 162 patients (45.5%) displayed 0 -2% body weight loss and 194 (54.5%) displayed weight loss exceeding 2%. According to clinical TNM classification, the number of patients with stage I, II, III, and IV was 64 (18.0%), 122 (34.3%), 142 (39.9%), and 28 (7.9%), respectively. Lesions were located in the upper third of the esophagus in 57 patients; in the middle third in 143, and in the lower third in 156. Histologically, 280 tumors were classified as squamous cell carcinoma and the remaining 76 were miscellaneous types, such as carcinosarcoma, basaloid, and undifferentiated carcinoma.
RESULTS
Demographic Characteristics
Prognostic Significance of Various Parameters
According to univariate analysis, significant differences in cumulative survival were observed for sex, serum CRP level, proportion of lymphocytes, body weight change, serum albumin level, serum SCCA level, and clinical TNM staging, (Table 3 and Fig. 1 ). Tumor location and histologic type did not display significant differences.
Multivariate analysis demonstrated that elevation of serum CRP levels (P ϭ 0.0285), body weight loss (P ϭ 0.0165), and clinical TNM staging (P ϭ 0.0008) were all independently correlated with prognosis in patients with esophageal carcinoma (Table 4 ). 
Clinical Outcome Based on New Scoring System
Based on these results, we established new prognostic index for esophageal cancer (PIEC) to reliably estimate survival of patients with esophageal carcinoma. Because relative risk ratios for clinical TNM staging, body weight loss, and serum CRP were basically the same (1.96, 1.64, and 1.52, respectively), these 3 parameters were used to create the new prognostic index. TNM stage I or II, body weight loss 0-2%, and pretreatment serum CRP Ͻ0.5 mg/dL were scored as 0. Conversely, TNM stage III or IV, bodyweight loss Ͼ2%, and pretreatment serum CRP Ն0.5 mg/dL was scored as 1. According to the total score, prognosis of patients with total score 2 and 3 was almost similar (P ϭ 0.4746) and therefore patients were divided into 3 groups, score 0, 1, and Ն2. The number of patients with scores of 0, 1, and Ն2 were 88, 101, and 167, respectively. According to these scores, 1-, 3-, and 5-year survival rates were 90%, 81%, and 67% for score 0, 83%, 61%; 51% for score 1; and 56%, 30%, and 24% for score Ն2, respectively (P Ͻ 0.0001; Fig. 2 ). The distribution of patients between PIEC and clinical TNM staging is shown in Table 5 . Although PIEC correlated with TNM staging (P Ͻ 0.01), some discrepancies was found, especially in patients with stage I or II tumors. Finally, independent contribution of the 2 prognostic indices was evaluated by the LR test comparing the full model with the 2 models (PIEC and clinical TNM staging) with each index alone as a covariate. As shown in Table 6 , removal of the PIEC from a model containing both the PIEC and the TNM staging did signifi- 
DISCUSSION
Identification of a simple and useful indicator for predicting the prognosis of patients with esophageal carcinoma before treatment is an important goal. [2] [3] [4] [5] [11] [12] [13] [14] [15] [16] Of course, pathologic TNM classification is valuable for predicting prognosis of esophageal cancer patients. However, this is difficult to determine accurately before treatment. Moreover, when predicting the prognosis of the patients, not only tumorrelated but also host-related factors need to be considered.
In the present study, univariate analysis revealed that 5 host-related factors (sex, serum CRP level, proportion of lymphocytes, proportion of body weight loss, and serum albumin level) and 2 tumor-related factors (clinical TNM Elevation of serum CRP level is thought to reflect host reactions to the biologic behavior of a tumor. 3 Reactive inflammation caused by tumor invasion to other organs may also influence the elevation of serum CRP. Interleukin-6 is well known to be capable of enhancing CRP production, and some esophageal cancer cells could produce cytokines, such as interleukin-6 and/or cytokine receptors. [17] [18] [19] Patients with advanced esophageal carcinoma reportedly often display decreased bodyweight, serum albumin level, proportion of lymphocytes, and immunologic function, due to poor nutritional conditions resulting from dysphagia. 4, 5, 20, 21 Moreover, the presence of advanced cancer appears to be related to abnormal lipid metabolism leading to an increased rate of lipid oxidation. Patients with prominent bodyweight loss might therefore correlate well with the development of cancer cachexia. 22 Regarding other host-related factors, females generally display better survival rates than males for esophageal carcinoma. Because some esophageal carcinoma cells possess androgen receptors, tumor growth can be enhanced by testosterone. 23, 24 However, sex did not represent an important prognostic factor in Cox multivariate analysis in the present study. Adjuvant radiation and/or chemotherapy were excluded in this statistical analysis, because those therapies were performed only in patients with far advanced or recurrent disease.
Clinical TNM staging is considered to affect the prognosis of esophageal carcinoma most strongly of all pretreatment factors. Determination of clinical TNM staging as accurately as possible before treatment is important. To improve the accuracy of pretreatment diagnosis, we performed ultrasonography and endoscopic ultrasonography. Five-year survival curves according to score 0-3. Significant difference was not found between score 2 and 3 (a). Five-year survival curves according to score 0, 1, and 2 or more. Significant differences were identified between each group (b).
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Through these studies, we discovered that the number of lymph node metastases determined by those modalities was consistently predictive of patient survival. 2, [25] [26] [27] In the present study, we devised a new prognostic index using preinterventional serum CRP level, body weight loss, and clinical TNM staging. Levels of serum CRP Ն 0.5 mg/dL, body weight loss Ͼ2%, and clinical TNM staging of stage III or IV were scored as 1 because the relative risk ratios for these 3 parameters were almost the same. When displaying survival curves using the Kaplan-Meier method, good stratification values were shown according to total score. Moreover, in the group with total score Ն 2, nearly 50% of patients died of esophageal carcinoma within 1 year, even if they had been categorized with clinical TNM stage I or II. These results emphasize the importance of the 2 host-related variables, as shown by the LR test that the PIEC was superior to the conventional clinical TNM staging. Although TNM staging system is surely an important classification, at present, clinical TNM staging before treatment is not completely in accord with pathologic TNM staging. This simple PIEC, therefore, seems particularly effective for providing information regarding the prognosis of patients with esophageal carcinoma.
In conclusion, the following factors are associated with prognosis in patients with esophageal cancer: serum CRP level, proportion of body weight loss, and clinical TNM staging. Our prognostic index using these 3 parameters offers a method of reliably predicting patient survival before treatment.
